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Materials
Ethyl acetate, tris(hydroxymethyl)aminomethane (Tris base), boric acid, sodium chloride, sodium phosphate monobasic, sodium phosphate dibasic, 3-hydroxypicolinic acid, divinyl sulfone, hydrochloric acid, sodium azide, 1,4-dithiothreitol (DTT), Agarose and Nile Red were obtained from Sigma Aldrich. Ammonium citrate dibasic, sodium hydroxide and ethylenediaminetetraacetic acid (EDTA) were purchased from Fluka. Dextran (M n : 10 kDa) was obtained from Pharmacosmos (Uppsala, Sweden). Dialysis membranes were purchased from Spectrum Laboratories (Rancho Dominguez, CA, USA). DNA loading buffer and 1.0 µm TetraSpeck™ fluorescent polystyrene beads were purchased from Thermo Scientific and GelRed nucleic acid stain was obtained from Biotium. Oligonucleotides were commercially synthesized (IDT, Coralville, IA, USA). Micro-insert 4 well chambers were obtained from Ibidi. Water was deionized prior to use. 
DNA Sequences
HP1-2AP
TT/i2AmPr/ACCCACGCCGAATCCTAGACTCAAA GTAGTCTAGGATTCGGCGTG 14736.6
Instrumentation
DNA hybridization and heating of reactions were performed on an Eppendorf Thermomixer C. Gel electrophoresis studies were performed using a 20 x 20 cm standard horizontal electrophoresis unit and the resulting agarose gels were scanned using a Molecular Imager Gel Doc XR System. Measurement of DNA concentration was recorded on a Cary 300 UV-vis spectrophotometer equipped with a Peltier thermostatted cell holder, using 10 mm path length quartz cuvettes. Matrix-assisted laser desorption ionization-time-of-flight (MALDI-TOF)-MS spectra were acquired on a Bruker microflex LRF mass spectrometer in linear positive-ion mode using 3-hydroxypicolinic acid as a matrix on a ground steel target plate. Nuclear magnetic resonance spectra ( 1 HNMR, 300 MHz) were recorded on a Bruker DPX300 with chemical shifts reported to the residual solvent peak (D 2 O). Dynamic light scattering (DLS) experiments were performed on a Malvern Zetasizer Nano S using plastic cuvettes with a 10 mm path length and measurements were taken at an angle of 173°. Size exclusion chromatography experiments were performed with two detectors consisting of an interferometric RIdetector (Optilab DSP, Wyatt Technology) in line with a multi angle light scattering detector (Dawn-DSP-F, Wyatt Technology). Fluorescence data was obtained by using a fluorescent microplate reader TECAN infinite M100Pro (Switzerland). Excitation and emission wavelengths for 2-AP fluorescence quenching experiments were 303 nm and 365 nm, respectively, recorded with 4-nm bandwidths. Microrheology experiments were performed on a Nikon Eclipse Ti-E inverted microscope equipped with a confocal spinning disk unit (CSU-X1) operated at 10,000 rpm (Yokogawa, Japan) using a 100x Plan Fluor Lens (Nikon, Japan) and excited with a 488 solid state diode laser (Coherent, U.S.A.) by tracking 1.0 µm fluorescently labeled TetraSpeck polystyrene beads. Images were captured every 0.0186 seconds for 50000 frames by an Andor iXon Ultra 897 High Speed EM-CCD camera (Andor Technology, Northern Ireland). AFM micrographs were acquired in tapping mode imaging on a JPK Nanowizard Ultra AFM (JPK Instruments, Germany), using 70 kHz resonance frequency, 2 N/m force constant silicon cantilever tips. Small angle X-ray scattering measurements were performed on a SAXSLAB GANESHA 300 XL SAXS system, which comprises a GeniX 3D Cu Ultra Low Divergence micro focus sealed tube source producing X-rays with a wavelength  = 1.54 Å at a flux of 1x10 8 ph/s and a Pilatus 300K silicon pixel detector with 487 x 619 pixels of 172 μm x 172 μm in size placed at two sample-to-detector distances of 713 and 1513 mm respectively to access a q-range of 0.01 ≤ q ≤ 0.3 Å -1 with q = 4/(sin/2). Silver behenate was used for calibration of the beam centre and the q range. The samples were filled at room temperature into the sample holder, being 2 mm quartz capillaries (Hilgenberg Gmbh, Germany) held in a metal block. The two-dimensional SAXS patterns were brought to an absolute intensity scale using the calibrated detector response function, known sample-to-detector distance, measured incident and transmitted beam intensities, and azimuthally averaged to obtain one dimensional SAXS profiles. The onedimensional scattering curves were corrected for scattering of the solvent and quartz cell. Modeling of the scattering profiles was performed in the software package SasView (http://www.sasview.org/) employing a form factor model for Gaussian polymer chains.
Synthesis of dextran-VS and initiator DNA-dextran graft copolymer
Synthesis of dextran-VS:
Dextran (M n : 10 kDa, 0.5 g, 0.05 mmol) was dissolved in 0.1 M NaOH (5.0 mL), and divinyl sulfone (3.27 mL, 32.6 mmol) was added while vigorously shaking on a vortex. After 1 minute, the reaction was quenched by adjusting the pH of the reaction to pH 5.0 using 5.0 M HCl. The reaction mixture was then dialyzed for 24 hours in a dialysis bag (MWCO: 1 kDa) to remove excess divinyl sulfone. Afterwards, the dialyzed reaction mixture was lyophilized to provide the product as a white solid. 
Synthesis of initiator DNA-dextran graft copolymer:
5'-Disulfide-protected initiator DNA oligonucleotide (1.0 mg, 130 nmol) was dissolved in phosphate buffer (200 µL, 0.1 M pH 8.0) and was reduced by adding DTT (12.0 mg, 78 µmol). The deprotection reaction was incubated for 1 hour under a nitrogen atmosphere to prevent re-oxidation at 37°C while shaking. Afterwards, DTT was removed from the reaction mixture by extraction with ethyl acetate 3 times (800 µL) and discarded. Completion of the oligonucleotide deprotection reaction was evaluated using MALDI-TOF-MS. The freshly deprotected 5'-thiol ssDNA initiator (200 µL, 130 nmol) was then added to a solution of dextran-VS (18.5 nmol, 0.19 mg) dissolved in phosphate buffer (50 µL, 0.5 M pH 8.5) and allowed to react for 24 hours while shaking at 37°C. DNA loading buffer (50 µL) was added to the crude reaction mixture. From this mixture, an aliquot with a DNA content of 500 ng was loaded in a 0.5 cm wide gel slot on a 3% agarose gel, serving as reference sample. The rest of the reaction mixture was loaded into a 10 cm wide gel slot of the same 3% agarose gel for purification. The reference band was then cut out of the gel, stained using GelRed and imaged to determine the location of the product on gel. The part of the gel containing the reaction product was then cut in pieces and loaded into a dialysis bag for electroelution of the product (1X TBE, 150 V, 3 h). The solution containing the product was the dialyzed overnight and lyophilized to obtain the initiator DNA-dextran graft copolymer conjugate as a white powder. Conjugation and purification were checked using 2% agarose gel electrophoresis.
For subsequent experiments, to characterize the hybridization chain reaction on the initiator DNA-dextran graft copolymer solutions of various concentrations were expressed in terms of their DNA side chain concentration measured by UV-vis spectroscopy.
Gel electrophoresis
Agarose gel electrophoresis (2 wt%) was carried out under non-denaturing conditions using 1X TBE buffer to monitor dextran functionalization with DNA and oligonucleotide hybridization to the DNA-grafts on the dextran copolymer. For all hydrogel and intermediate stage samples, gel aliquots containing 500 ng DNA (calculated from the S7 concentration of DNA inside the reaction volume) were prepared by dilution of the gel in water and mixed with DNA-loading buffer. The corresponding electrophoretic mobility was analyzed on gel. 
2-AP fluorescence quenching
Stock solutions of HP1-2AP and HP2 (both 1.2 μM) were prepared in 5xSSC buffer, and were heated to 95 ˚C for 2 minutes and allowed to cool to room temperature for 1 hour before use. First, HP1-2AP (250 μL) was mixed with HP2 (250 μL) or 5xSSC buffer (250 μL) and the initial fluorescence 2-AP signal was recorded after pipetting the sample into the well to obtain a stable fluorescence baseline (HP1 and HP1-2AP + HP2). After one hour, data acquisition was paused for 1 minute and either initiator DNA-dextran graft copolymer, unconjugated initiator-DNA, or dextran-VS (5 µL, 20 μM) was added before continuing acquiring data. 
Dynamic light scattering (DLS)
Dynamic light scattering (DLS) measurements were performed on 200 µL solutions in 5xSSC buffer of HP1 (600 nM), HP2 (600 nM), HP1 (600 nM) and HP2 (600 nM), HP1 (600 nM) with HP2 (600 nM) and initiator DNA (200 nM), dextran-VS (200 nM), initiator DNA-dextran (200 nM) and the initiator DNA-dextran graft copolymer (200 nM) at room temperature, with and without performing heat treatment (60 °C) for the initiator DNAdextran polymer, before hairpin addition. Ratios of initiator DNA strand (on the polymer or on its own) to the DNA hairpins were kept at 1:3:3 (initiator DNA-dextran:HP1:HP2), respectively. Scattered light intensities and corresponding particle sizes of all samples were measured at a 173° angle in a polystyrene cuvette at 25°C. All samples were measured in triplicate.
Small angle X-ray scattering (SAXS)
Solutions of HP1 and HP2 were prepared in 5xSSC buffer, and were heated to 95 ˚C for 2 minutes and allowed to cool to room temperature for 1 hour before use Small angle Xray scattering measurments were performed on 100 µL solutions of HP1 only (5 nmol), HP2 only (5 nmol), initiator DNA-dextran (1.66 nmol) only, and all of these components combined (HP1: 5 nmol, HP2: 5 nmol, initiator DNA-dextran: 1.66 nmol).
Atomic force microscopy (AFM)
Initiator DNA-dextran graft copolymer conjugates (stock solution concentration: 140 µM), and HP1 and HP2 (stock solution concentration: 500 µM each) were individually dissolved in 5xSSC buffer. The initiator DNA-dextran was either used directly from storage at room temperature or thermally denatured at 60 °C for 10 minutes before performing HCR. HP1 and HP2 were heated to 95 °C for 5 minutes, after which they were allowed to cool to room temperature over one hour. The initiator DNA-dextran graft copolymer (2.5 µL), HP1 (2.5 µL) and HP2 (2.5 µL) were taken from stock solutions and mixed in 5xSSC buffer (total volume 250 µL) at room temperature for one hour. Freshly cleaved mica was incubated for 5 minutes with a 0.01 wt% solution of Poly-L-Lysine and rinsed with water two times. Afterwards, 25 µL of the HCR reaction mixture was dropcasted on the freshly coated mica and incubated for 10 minutes. The excess sample was then blotted away using filter paper and the mica surface rinsed twice with water and the excess liquid was removed. The sample was allowed to dry overnight before imaging in tapping mode by AFM. 
Particle-tracking microrheology
Freshly prepared samples were made by mixing the initiator DNA-dextran graft copolymer with a 3-fold excess of HP1 and HP2 and fluorescently labeled beads (TetraSpeck 1 µm polystyrene beads) to result in final concentrations of 0.16, 0.33 and 0.66 mM of the initiator DNA-dextran graft copolymer and 0.5, 1.0 and 2.0 mM of each DNA hairpin (HP1 and HP2), respectively in a total volume of 11 µL. The mixtures were pipetted into an Ibidi Micro-insert 4-well chamber for fluorescent microscopy imaging of particle displacement. After image acquisition, the fluorescence signals of the beads were tracked by a center-of-mass particle tracking algorithm. 1 The algorithm TrackPy is implemented in Python and is available online. 2 Bead trajectories were then manually checked for tracking errors and inconsistencies. Tracks for the 0.66 mM initiator DNAdextran graft copolymer and 2.0 mM of each DNA hairpin were drift corrected using a forward-rolling ensemble mean drift of 10 frames. Tracks in Figures 3 A/B/C and S6 A were randomly selected as an example for bead movement inside the gels. To compute the mean squared displacements (MSDs) and viscoelastic properties of the various samples, bead trajectories were processed using custom made MATLAB routines. MSDs were determined for individual trajectories and then averaged to determine the various ensemble average MSDs as a function of time and type of experiment. A cut-off of 100 data points per trajectory was used as a criterion for the inclusion of the trajectory MSD data into the ensemble average, and this criterion was re-evaluated per lag-time point. The viscoelastic curves, i.e. the storage (G') and loss (G") moduli, were calculated using a well-established computational scheme. 3, 4 First, the ensemble averaged MSDs were calculated. Then, a numerical approximation of the Laplace transform was used to compute the complex modulus. 5 The exact temperature used to calculate the complex modulus was estimated using water calibrations for appropriate durations of the measurement. The complex modulus was fit to a suitable functional form (fourth-order polynomial) and then analytically continued. Finally, G' and G" were approximated by taking the real and imaginary parts of the analytical continuation. 
